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(54) SYSTEM FOR SUPPORTING NO MACHINING 

(57) The present Invention Is characterized In that: 
a plurality of NC machine toola (28) each including NC 
program generating meana and NC program Improving 
and updating means are connected to a central manag> 
er (1 ) via a network; actual machining performance in- 
fomiatlon la supplied tothe central manager (1 ) from the 
respective NC machine tools (28); the central manager 
(1) generates databases (3 to 1 2) from the collected ac- 
tual machining performance Information and stores the 
database (3 to 12) therein; and the NC machine tools 
(28) are each pennitted to retrieve information neces- 
sary for machining from the database (3 to 12). 
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Doscriptlon 
TECHNICAL FIELD 

[00011 The present Invention relates to an Improved 
NC machining assisting system, which connects a plu- 
rality of NC machine tools to a central manager via a 
network, causes the central manager to collect and 
store machining know-how and the like through trans- 
mission of various types of Infomiatlon between the NC 
machine tools and the central manager, and penults the 
NC machine tools to freely use a database stored In the 
central manager. The NC machine toots each include 
NC program generating means, and NC program Im- 
proving and updating means for improving the NC pro- 
gram generating means so as to generate an optimum 
program according to an actual machining state, in ac- 
cordance with the present invention, various types of in- 
fomnation can be collected from machining operations 
actually perfomned by the respective NC machine toots. 

BACKGROUND ART 

[0002] NC machine tools are adapted to automatically 
control machine toot operations on the basis of an In- 
putted NC program and, in recent years, have been 
widely employed In combination with mteroprocessor 
technology, power electronics technology or software 
technology as computer-controlled machine tools (CNC 
machine tools) In various industrial fields. 
[00031 Numerical control information such as an NC 
program typically Includes a tool selection command, a 
spindle rotation speed command, a cutting speed com- 
mand, a feed rate command, an axial movement/Inter- 
polation command, an auxiliary function command and 
the like. Whenever a machining operation Is to be per- 
formed, numerical control Information suitable for a ma- 
chine tool to be controlled for the machining operation 
Is generated as an NC program. 
[0004] When the machining operation is to be actually 
performed, the NC program should be modified and ed- 
ited in various ways on a machining site. The machine 
tool is controlled for the machining operation by sepa- 
rately performing a simulation, a test-cut operation or an 
NC program adjusting operation In accordance with a 
machining environment unique to the machine tool or a 
tool on the site. 

[00051 However, there is a problem such that a skilled 
operator is required for performing the simulation or the 
test-cut operation or for modifying and editing the pro- 
gram on the machining site, and a time-consuming pre- 
paratory operation is required for providing a program 
optimum tor the actual machining operation. 
[0006] A conventional approach to this problem Is an 
NC machining assisting method which can modify and 
edit a program in an optimum manner on the basis of 
an actual machining performance record previously ob- 
tained by an NC machine tool having not only NC pro- 



gram generating means as described above butalso NC 
program Improving and updating means. 
[0007] One example of the prior art is disclosed in 
W098/1 9820 (PCT/JP96/03264). With reference to Fig. 

5 1 , an explanation will be given to the prtor-art apparatus. 
[0008] Fig. 1 Illustrates the overall construction of a 
numerical control machine tool system employing an 
NC program analyzing method and apparatus. An NC 
program is generated by Inputting blank stock data and 

10 a final product shape. 

[0009] In Fig. 1 , the blank stock shape data Includes 
data Indicative o1 a blank stock shape and a blank stock 
matenal, NC program generating means 51 generates 
a desired NC program on the basis of the Inputted blank 

t5 stock data and final product shape In consideration of 
know-how data previously inputted thereto from data- 
bases 52, 53, 54, 55 and accumulated therein. The da- 
tabases 52, 63, 54, 55 Include an task determination da- 
tabase 52, a cutting condition database 53, a tool data- 

20 base 54 and a machining history database 55, On-site 
know-how previously obtained, machining conditions 
required for an actual machining operation and condi- 
tions specific to a machine toot to be used are supplied 
as reference data to the NC program generating means 

2S 51 from these databases 52. 53, 54. 55 for the genera- 
tion of the NC program. 

[0010] The NC program thus generated and a tool list 
are supplied to a numerical controller 58. The NC pro- 
gram Is subjected to necessary air-cut and test-cut op- 

30 eratlons or a simulation, and then modified and edited. 
Thus, a feasible machining NC program is completed, 
which Is finally used on a machining site. 
[0011] The numerfcal controller 56 Includes NO pro- 
gram executing means 58, servo controlling moans 59 

35 and error con'ecting means 60 for driving the machine 
tool 57. The NC program, the tool list and the blank stock 
data are inputted to the NC program executing means 
58. The NC program executing means 58 performs an 
Interpolating process with reference to the results of 

^0 measurement which wilt be described later, and sup- 
plies a servo control signal to the servo controlling 
means 59. The error correcting means 60 corrects er- 
rors occurring in the machine tool 57 due to a tempera- 
ture change. 

'f^ [0012] The machine tool 57 performs a desired ma- 
chining operation on a workplece 61 placed on a table 
In accordance with the NC program. The machining op- 
eration is first completed with the wor1<piece 61 kept In 
a first attitude. Then, a measuring apparatus 62 meas- 

^ ures the coordinates of the workpiece 61 In accordance 
with a measurement program of a measurement con- 
troller 63, and the result of the measurement is fed back 
to the NC program executing meane 58 of the numerical 
controller 56 and to machining method analyzing means 

35 65 via measurement result analyzing means 64. As re- 
qulrec. the measurement result is supplied to the data- 
bases 52. 53, 54. 55. Thus, the workplece 61 Is subject- 
ed to the desired machining operation under numerical 
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control on the basis of the generated NC program. After 
the machining operation Is completed with the work- 
piece 61 l<ept In the first attitude, the attitude of the work- 
piece 61 i3 changed, and the machining operation Is 
continued In accordance with the NC program with the 
workplace 61 kept In a second attitude. 
[0013] The machining program, the tool ilst and the 
measurement result are supplied to the machining 
method analyzing means 65, and necessary machining 
Infomiatlon Is extracted in accordance with a predeter- 
mined algorithm. The machining Information thus ex- 
tracted Is supplied to database generating means 66. 
Machining conditions obtained through classification of 
the machining information for each elementary machin- 
ing operation are written and stored In the con-espond- 
Ing databases 52, 53, 54, 55. 
[001 4 J After the workplace 61 Is actually machined by 
the machine tool 57, machining infonnation such as on- 
site know-how reflected on the actual machining oper- 
ation Is constantly Incorporated In the databases 52, 53, 
54, 55, so that the contents of the databases are updat- 
ed. Thus, the contents of the databases can be reflected 
on a current machining operation, in general, the ma- 
chining infonnation can be supplied In the form of opti- 
mum databases when the next NC program is generat- 
ed. 

[0015] in the prk)r-art apparatus, the operation per- 
formed when the numerical control Information is mod- 
ified and edited Is accumulated as reusable know-how. 
Therefore, the prior-art apparatus can solve the problem 
that the on-site know-how and the program modifying 
and editing data are prepared In reliance on a skilled 
operator working on the site and are poor in reusability. 
That is, the numerical control Infonnation, particularly 
the feasible machining NC program subjected to the 
modifying and editing operation, Is analyzed by the NC 
program improving and updating means. Conversely, 
the on-site know-how and machining conditions, I.e., 
machining infonnation or machining conditions optimum 
for a particular machining operation, can be extracted 
from the feasible machining NC prognam finally used for 
a machining operation in mass production on the ma- 
chining site, and utilized in the form of databases. The 
machining information or the machining conditions thus 
extracted are systematically correlated with blank stock 
information, diagram information, machine Information, 
tool information or measurement data, whereby an op- 
timum machining method and optimum machining con- 
ditions specific to each machine can be extracted and 
an on-site machining program optimum for each case 
can Instantaneously and automatically be generated on 
the basis of the fed-back databases. The data in these 
databases can be utilized by the machine tool per se 
and, In addition, supplied to other machine tools. By 
opening these databases to all machine tools incorpo- 
rated in a CI M (computer integrated manufacturing) sys- 
tem, most of the databases can be utilized in an Inter- 
active manner without the need for perfonnlngthe mod- 



ifying and editing operations In reliance on a skilled op- 
erator 

[0016] in the prior-art apparatus and method, howev- 
er, the aforesaid NC program improving and updating 

s means Is basically associated with the single NC ma- 
chine tool, so that the databases are supplied to the oth- 
er NC machine tools merely in the form of data stored 
in a floppy disk or the like. Therefore, the databases can 
be utilized only under conditions which significantly limit 

10 the versatility of the databases. 

[0017] in view of the problems associated with the pri- 
or art, It is an object of the present lnventh>n to allow a 
plurality of NC machine tools to easily reuse actual ma- 
chining perfonnance Infonnation obtained by the re- 

19 spectlve NC machine tools for drastic Improvement of 
the use efficiency of the machine tools. 

[001 8] It Is another object of the present Invention to 
allow not only an NC machine tool but also apparatuses 
associated with the NC machine tool and users thereof 

20 to easily use actual machining performance Infomnation 
for streamlining every operation. 

DISCLOSURE OF THE INVENTION 

^9 [001 9] The present Invention is characterized in that: 
a plurality of NC machine tools each including NC pro- 
gram generating means and NC program Improving and 
updating means are connected to a central manager via 
a network; actual machining performance Information is 

50 supplied to the central manager from the respective NC 
machine tools; the central manager generates a data- 
base on the basis of the collected actual machining per- 
formance Infonnation and stores the database therein; 
and the NC machine tools are each pemiltted to retrieve 

35 infonnation necessary for machining from the database. 
[0020] Thecentrai manager collects all types of actual 
machining performance information for machining oper- 
ations In various fields, and supplies the actual machin- 
ing performance Information tn the fomn of the database 

40 to the respective NC machine tools which are capable 
of mutually communicating with the central manager. 
Therefore, the machine tools can share the all types of 
actual machining perfonnance information for reuse 
thereof. 

45 [0021] Therefore, the use efficiency of the respective 
machine tools is drastically Improved. A machine tool, 
even if having no performance record for a certain ma- 
chining operation, can select machining conditions op- 
timum for the machining operation. 

50 [0022] An NC machining assisting system according 
to the present Invention Is characterized In that: a plu- 
rality of NC machine tools each Including NC program 
generating means and NC program improving and up- 
dating means are connec:ed to a central manager via a 
network; actual machining perfonnance information is 
supplied to the central manager from the respective NC 
machine tools; the central manager generates a data- 
base on the basis of the actual machining perfonnance 
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Information collected via the network ar^d stores the da- 
tabase therein; and an apparatus other than the NC ma- 
chine tools which has a network connecting function Is 
pennltted to retrieve Information necessary for machin- 
ing from the database through connection to the central 5 
manager via the network. 

[0023] In the present invention, the central manager 
collects all types of actual machining perfomiance Infor- 
mation for machining operations In various fields. There- 
fore, not only the NC machine toots but also a tool maker 
or a machine supplier, or a user placing a machining or- 
der can utilize the various types of infonnatlon through 
the connection to the central manager. For example, a 
terminal provided on the side ot a tool maker, a CAM 
vender, an NC machine tool maker, a machining order- '5 
Ing company or a jig/'holder maker Is connected to the 
central manager via the network to feed back thereto 
Infonnation such as optimum tool conditions. Thus, an 
optimum tool can be supplied to a machine tool when- 
ever required. Likewise, various types of support can be so 
provided. 

[00241 The inventive NC machining assisting system 
is further characterized In that the actual machining per- 
formance infonmation includes at least one of workpiece 
infonmation, tool information, cutting condition informa- 
tlon. Jig information, machine specification infonmation. 
machining history information, machine operation histo- 
ry information, tool use history Information and Jig use 
history Information. 

[0025] Actual operation perfonnance information 30 
such as a machining history, a machine operation his- 
tory, a tool use history and a jig use history obtained dur- 
ing a machining operation Is Included In the actual ma- 
chining performance infonnatlon, whereby optimum op- 
eration Information for an NC machine tool can be sup- 35 
piled to an NC machine tool maker and a user This is 
useful for a maintenance service, a sales strategy, esti- 
mation of labor costs, and improvement of jigs. 

BRIEF DESCRIPTION OF THE DRAWINGS ^0 

[0026] 

Fig. 1 is a diagram illustrating a prior-art NC ma- 
chine tool Including NC program generating means •'^ 
and NC program improving and updating means; 
Fig. 2 is a diagram illustrating the overall construc- 
tion of an NC machining assisting system according 
to the present Invention, wherein the flow of data is 
Indicated by arrows, and data contents are: 0 so 
comprehensive management of machining know- 
how over a network; ® comprehensive manage- 
ment of an actual operation perfonnance record 
over the network;® accuracy information;® mar- 
keting and contract of machining operations; ® 
maintenance sen/ice support; ® sales strategy 
support; O new product development support 
(marketing);® toolinfonnation;® sales to a CAM 



vender; ® statistic data output; <0) confirmation 
display;© jig/holder Infonnation; and® data 
processing and output; 

Fig. 3 Is a diagram Illustrating a networX-orlented 
NC machine tool having a network connection in- 
terface, and including NC program generating 
means and IMC program improving and updating 
means In accordance with the present Invention; 
Fig. 4 is adiagram illustrating a workpiece database 
according to the present invention; 
Fig. 5 Is a diagram iiiustrating a task determination 
database according to the present invention; 
Fig. 6 is a diagram iiiustrating the content of a tool 
path file according to the present invention; 
Fig. 7 Is a diagram iiiustrating a cutting condition da- 
tabase according to the present Invention; 
Fig. 8 is a diagram illustrating a tool database ac- 
cording to the present Invention; 
Fig. 9 is a diagram illustrating a jig database accord- 
ing to the present Invention; 
Fig. 10 is a diagram Illustrating a machine specifi- 
cation database according to the present Invention; 
Fig. 11 is a diagram iiiustrating a machining history 
database according to the present invention; 
Fig. 1 2 is a diagram iiiustrating a machine operation 
history database according to the present invention ; 
Fig. 13 is a diagram iiiustrating a tool use history 
database according to the present invention; 
Fig. 1 4 Is a diagram illustrating a jig use history da- 
tabase according to the present invention; 
Fig. 15 is a diagram illustrating how to search a ma- 
chining know-how database or the like according to 
the present invention; 

Fig. 16 Is a diagram illustrating how to search the 
machine operation history database or the like ac- 
cording to the present Invention; 
Fig. 17 is a diagram iiiuEtrating how to search the 
tool use history database or the like according to 
the present invention; and 
Fig. 18 Is a diagram Iiiustrating how to search the 
machining know-how database or the like accord- 
ing to the present Invention. 

BEST MODE FOR CARRYINQ OUT THE INVENTION 

[0027] Tenns herein used will first be explained, and 
then the present Invention will be described with refer- 
ence to Figs. 2 to Fig. 18. 

f^ACHINING PRODUCT MODEL: A set of machining 
part groups which includes ail shape elements of a final 
product. Accuracy in relationship between the machin- 
ing part groups Is attributed to the machining product 
model. 

MACHINING PART GROUP: A set of machining parts 
which includes some of the shape elements of the final 
product and Is obtained by machining a blank stock fixed 
by means of a |lg and the like by a single chucking op- 
eration. Accuracy In relationship between the machining 
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parts is attributed to the machining part group. 
MACHINING PART; A set of one or mora machining el- 
omenta which includes a combination of machining 
shapes respectlveiy represented by the machining ele- 
ments and defines a machining shape characteristic. 
Examples of the machining part Include parts obtained 
by hole machining, core machining, pocket machining 
and groove machining^ and each having one or more 
machining elements . A machining accuracy for each 
machining part is attributed to the machining part 
MACHINING ELEMENT: A Shape obtained by machin- 
ing with the use of a single tool and characterized by the 
tool. The machining element basically represents a 
shape obtained by machining with the use of a single 
tool. Where a tool such as a two-point cutting too! Is em> 
ployed to reduce the number of toots for a plurality of 
machining tasks which cannot simultaneously be per- 
formed, however, shapes resulting from the machining 
tasks are regarded as different machining elements. 
Where a tool such as a chamfer tap is employed for a 
plurality of machining tasks whlcti can simultaneously 
be perfonned, shapes resulting from the machining 
tasks are regarded as a single machining element. 
PROCESS DETERMINATION MODEL: A process de- 
temilnation model is defined in one-to-one con-espond- 
ence to the machining product model. 
PROCESS: A set of part machining operations to be 
perfonned on a blank stock fixed by means of a Jig and 
the like by a single chucking operation, and defined In 
one-to-one correspondence to the machining part 
group. The process also includes blank stock chucking 
infonnatlon. Where part machining operations are per- 
formed one after another on a blank stock fixed on an 
indexing table by angularly indexlngthe blank stock, the 
part machining operations are regarded as belonging to 
a single process. However, where the attitude of the 
blank stock is automatically changed by detaching the 
blank stock by means of a machine (for example, where 
the blank stock Is transfered between spindles of a 
combined machine tool), the part machining operations 
are regarded as belonging to different processes. 
PART MACHINING OPERATION: A set of machining 
tasks defined in one-to-ona correspondence to the ma- 
chining part. The types of the machining tasks and a ma- 
chining sequence are attributed to the part machining 
operation. MACHINING TASK: The machining task Is 
defined in one-to-one correspondence to the machining 
element. A specific to-be-used tool, a tool path and cut- 
ting conditions such as a cutting speed, a feed and a 
cutting amount are attributed to the machining task. 
[0028] A basic system diagram (Fig. 2} Illustrates the 
overall construction of an Inventive system, In which a 
central manager 1 and various databases provided In 
the central manager are connected to users 27, net- 
work-oriented machine tools 28, and machine tool-re- 
lated companies such as a CAM vender 21 , an NC ma- 
chine tool maker 22, a tool maker 23, a machining or- 
dering company 24 and a Jig/holder maker 25 which 



each utilize the databases via network connection 
means 26 over a network. 

[0029] The central manager 1 has a know-hov/ data- 
base 2 Including a wori<plece database 3. a task deter- 

5 minatlon database 4, a cutting condition database 5, a 
tool database 6, a jig database 7, s machine specifica- 
tion database 8, a machining history database 9, a ma- 
chine operation history database 10, a tool use history 
database 1 1 and a Jig use history database 1 2. The cen- 

io trai manager 1 included data collecting means 1 8 for col- 
lecting data for the databases, storage managing 
means 19 for storage management, and data process- 
ing and outputting means 20 which outputs not only data 
under the storage management but also data obtained 
by processing the data under the storage management 
In response to a request from a user or the like connect- 
ed to the network. The flow of the data is Indicated by 
arrows in Fig. 2, and data contents are generally indi- 
cated by® to® 

^ [0030] A network-oriented machine tool system dia- 
gram (Fig. 3) illustrates the construction of each of the 
network-oriented machine tools 28 shown in the basic 
system diagram (Fig. 2). 

[0031] Machining infonnation for metal machining is 
generally transmitted in the form of diagram data, and 
includes information on a blank stock shape, a blank 
stock material and a final product shape, and accuracy 
Infomiatlon (machining quality infonnatlon) such as a 
surface roughness, a dimensional tolerance, a vertlcal- 

30 ity tolerance and a cyllndrlcallty tolerance, NC program 
set-up instruction and operation instaiction generating 
means 103 ana^zes the machining information, and re- 
trieves useful Information from a machining know-how 
DB 2' via machining know-how DB controlling means 

35 11 8 for optimum Improvement and update NC program, 
and for generation of set-up Information and operation 
instruction infonnation. The machining know-how DB 2' 
includes a workplace database 3\ a task determination 
database 4', a cutting condition database 5', a tool da- 

40 tabase 6\ a Jig database T, a machine specifk^ation da- 
tabase S\ a machining history database 9\ a machine 
operation history database 10', a tool use history data- 
base 11' and a jig use history database 12' having the 
same data configurations as the corresponding data- 

45 bases provided in the centra! manager 1 . (These data- 
bases have the same data configurations as the data- 
bases having the same names In the central manager 
1 in the best mode for carrying out the present invention , 
but this en^angement has no limitation. Where different 

50 data configurations are to be employed, data interface 
means may be provided for accommodating differences 
in data configuration,) 

[0032] The set-up instruction Infonnatlon and the op- 
eration instaiction Information generated by the NC pro- 
55 gram set-up instruction and operation instruction gener- 
ating means 103 are supplied to set-up/operation dis- 
playing and responding means 1 06, and displayed ther- 
eon. The set-up/operatlon displaying and responding 
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means 106 Is provided In a numerical controller 104 In 
the network- oriented machine tool system diagram (Fig. 
3), but may be provided In a computer or a display ter- 
minal disposed within an operation range of a machine 
operator so that the machine operator can view the dis- 
played information and respond to the Infomiatlon. The 
machine operator performs an operation in accordance 
with the Information displayed on the set-up/operation 
displaying and responding means 106. In response to 
the start and end of the operation, information on an op- 
eration start time and an operation end time Is detected 
by machining history extracting means, and outputted 
to database generating means 1 1 7 thereby to be record- 
ed In the machine operation history database. 
[0033] An NC program generated by the NC program 
set-up instnjctlon and operation instruction generating 
means 1 03 Is supplied to NC program executing means 
107, and a machining operation Is started by the ma- 
chine operator. The machining operation Is performed 
In response to a command outputted to a sen^o control- 
ling means 1 08 from the NC program executing means 
107. In association with the NC program executing 
means, error correcting means 1 1 0 outputs a command 
to the servo controlling means 108 for enrorcon^ction. 
The information forth© numerical control is extracted by 
machining history extracting moans 109, and supplied 
to the database generating means 117 thereby to be 
stored in the corresponding databases In the machining 
know-how database 2", Accuracy acceptability Judging 
means 115 judges the acceptability of a workplece 111 
machined by a machine tool 105, In the accuracy ac- 
ceptability judging means 1 1 5, a measurement program 
Is supplied to a measurement controller 112, and a 
measurement Is perfonned on the workplece 111 by a 
measuring apparatus 113. The result of the measure- 
ment Is supplied to measurement result analyzing 
means 1 14, and the result of an analysis is recorded in 
the machining know-how database 2' by the database 
generating moans 117. The aforesaid accuracy meas- 
uring method is merely an example, but the measure- 
ment may be perfonned In the machine tool 1 05 or per- 
formed by a measuring operator with the use of a meas- 
uring Instrument. Further, the acceptability may be 
judged by visual inspection. In any cases, the result Is 
recorded In the machining know-how database 2' by the 
database generating means 117. 
[0034] Further, actual perfomnance data such as an 
NC program, tool Infonnatlon, jig information, a blank 
stock shape and material, a final product shape and ma- 
chining quality Infonnation which are obtained by a ma- 
chining operation performed with the use of a machine 
tool not having the aforesaid automatic or semiautomat- 
ic data recording means may be Inputted to machining 
analyzing means 116, and the result of an analysis may 
be recorded in the machining know-how database 2* by 
the database generating means 117. 
[0035] The Information thus recorded may be output- 
ted to the machining know-how database 2 In the central 



manager 1 via an Infonnatlon manager 1 02 by a network 
l/F 101 , and will be retrieved by the NC program set-up 
Instruction and operation instruction generating means 
1 03. As required, the data may be transmitted from the 

9 machining know-how database 2 In the central manager 
1 to the machining know-how database 2' provided in 
the user's network-oriented machine tool 28. At this 
time, the information manager 1 02 may control Informa- 
tion which the user does not desire to disclose and open 

to Information which the user does not desire to obtain. 
The information manager 102 Is provided In the net- 
work-oriented machine tool 28 In the network-oriented 
machine tool system diagram (Fig. 3), but may be pro- 
vided In an optimum physical position depending on the 
purpose of the Infonnatlon control. 
[0036] The Inventive machining assisting system is 
used In the following manner. 

(a) The central manager comprehensively manages 
machining know-how via the network. 

20 [0037] The networK-oriented NC machine tools Incor- 
porated In the system respectively provide actual ma- 
chining know-how to the central manager via the net- 
work. The Intormatlon thus provided includes basic in- 
formation such as a workplece type, a workplece shape, 

25 a finished shape, atooi type, a holder type, a jig type, a 
jig holding force, an accuracy requirement and a surface 
roughness. The collected machining Infonnatlon Is an- 
alyzed by the central manager, and stored in a required 
database fonn. Therefore, the machine tools can each 

30 retrieve machining infonnatlon such as a feed rate, a 
spindle rotation speed, a cutting width, a tool detenni- 
nation sequence and a cutter path pattern optimum Tor 
a specific machining operation or an actual accuracy 
record from these databases. 

(b) The central manager comprehensively manages ac- 
tual operation performance records via the network. 
[0O36] In general, an NC machinetool remarkably dif- 
fers In operation efficiency depending on use conditions 
thereof. Since thecentrai managercan collect actual op- 

40 eratlon performance records from the multiplicity of NC 
machine tools via the network, the actual operation per- 
fonnance records which are classified according to a 
machining type can widely be supplied from the central 
manager to the NC machine tools or users thereof con- 
nected to the system. Thus, the users can freely utilize 
a machine operation history, a machining history, a tool 
use history, a jig use history and the like. 

(c) Th s cent ra I m a n ag er com p rehen s Ively man ages tool 
information via the networ1<. 

so [0039] The actual machining performance informa- 
tion supplied from the NC machine tools Includes tool 
Infonnatlon. Therefore, the central manager can widely 
supply Information on an optimum tool or the statistic 
use frequency and service life of the tool for each type 

55 of machining operation in a database fonn. Thus, the 
central manager can provide Infonnatlon essential for 
selecting a tool to be actually used In a machine tool, for 
designing a new tool by a tool maker or for selecting a 
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company to be supplied with a tool, 
(d) The central nnanagercomprehensfvely manages ac- 
curacy Information for each machining operation via the 
network. 

[0040] Conventionally, accuracy Information such as 
an accuracy requirement and an actual accuracy record 
has rarely been open to the public. In accordance with 
the present invention, the accuracy Information for each 
actual machining operation can very easily be collected 
by the central manager via the network. Therefore, the 
accuracy Information collected by the central manager 
can be correlated with a machining type or a tool type, 
and open to the users. 

[0041] In accordance with the present Invention, the 
databases comprehensively managed by the central 
manager can be usedf or various purposes as described 
above. These databases are statistically processed as 
required, and provided in a desired data form to a user 
as required. 

[0042] The databases comprehensively managed by 
the aforesaid central manager are utilized for mainte- 
nance service support of the respective NC machine 
tools. Thus, maintenance services can be optimally per- 
formed on the basis of operation history Infonnation and 
perfonnance degradation information for each operat- 
ing component. 

[0043] In accordance with the present Invention, the 
databases described above can be utilized for strategic 
support of sales of tools, auxiliary machines and ma- 
chine tools, depending on how to use the system on 

each terminal connected to the system. 
[0044] The databases according to the present inven- 
tion can be used for contract and marketing of machin- 
ing operations, for new product development support or 
for sales Infonnation to the CAM vender. 
[0045] Data Input, and data processing and output ac- 
cording to the present invention will hereinafter sepa- 
rately be described more specifically. 

(1) Data input 

(a) in the system described above, the central manager 
comprehensively manages the machining know-how 
via the network in the following manner. 

[0046] The machining quality Infonnation such as 
blank stock shape and material Information, final prod- 
uct shape information and accuracy information con- 
tained In a diagram is assigned a machining product 
model 10 as indicated in a workpiece database (Fig. 4). 
and temporarily registered In the fonn of a final product 
shape file, a blank stock shape file and a blank stock 
material. The final product shape Is analyzed in temns 
of conflguratlonai characteristics, whereby a machining 
product model is subdivided into machining part groups, 
then Into machining parts, further Into machining ele- 
ments. The machining part groups and the machining 
parts are assigned machining part group IDs and ma- 



chining part IDs, respectively, and temporarily regis- 
tered. IViachining part names which represent the con- 
flguratlonai characteristics of the respective machining 
parts may be employed as the machining part IDs. The 

5 machining quality Information is subdivided correspond- 
ingly to the aforesaid subdivision, and temporarily reg- 
istered in the fonn of a machining product model accu- 
racy Information file, a machining part group accuracy 
Information file and a machining part accuracy Informa- 

10 tlon file. When a machining operation is actually per- 
fonned by means of the machine tool 105, a machine 
ID of the machine tool employed for the machining op- 
eration and a workpiece ID assigned to a workpiece are 
added to the tertporarlly registered information. A ma- 

is chining product model actual accuracy file, a machining 
part group actual accuracy file, a machining part actual 
accuracy file as measurement results of accuracy and 
a clamp Information file containing wor1<plece clamp In- 
fonnation are formally registered. A machining program 

20 number indicative of a machining program used for the 
machining operation is also registered. The clamp Infor- 
mation file includes a Jig ID, and a Jig type, a Jig maker, 
a jig model, a Jig name and a jig clamping force as shown 
in the jig database (Fig, 9) can be obtained therefrom. 

25 The machines which supply Information to the network 
in the basic system diagram shown in Fig. 2 are each 
assigned a machine ID so as to be uniquely distin- 
guished from each other. Information as shown In the 
machine specification database (Fig. 10) is preliminarily 

so registered as the machine specification Information, and 
includes data indicative of the characteristics of the ma- 
chines. 

[0047] When the aforesaid machining part ID is ap- 
plied, the task determination database (Fig. 5) deter- 

35 mines a part machining operation which Is defined in 
one-to-one correspondence to a machining part in tenns 
of machining characteristics. An ID is assigned to the 
part machining operation. A part machining operation 
name which represents the machining charactehstic of 

^0 the part machining operation may be assigned to the 
part machining operation. The part machining operation 
Is subdivided into machining tasks, An ID is assigned to 
each of the machining tasks. A machining task name 
which represents the machining task may be assigned 

^« to the machining task. When the machining tasks are 
determined, machining sequence numbers are provid- 
ed to the machining tasks in the most efficient manner 
for determination of a machining task sequence. Then, 
the most efficient tools and the most efficient cutting 

5a conditions are selected, and a cutter path is determined 
to provide a tool path file. If proper cutting conditions 
cannot be found, the cutting conditions may be obtained 
from the general-purpose cutting condition database 
shown In a cutting condition database diagram (Fig. 7), 
After the machining operation is actually performed un* 
derthe optimum cutting conditions, the optimum cutting 
conditions are employed for the next machining opera- 
tion. The tool path file includes a machine ID, a tool ID. 
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a tool path (X-, Y- and Z-axis coordinates of a 8tart point 
and Y- and Z-axIs coordinates of an end point) » and 
cutting conditions such as a spindle rotation speed, a 
foed.and a cutting speed as shown in a tool path lite 
diagram (Fig. 6). Tool IDs are recorded In the tool data- 
base as shown In tool database diagrams (Fig. 8(a) and 
8 (b)), and the tool database includes data indicative of 
tool characteristics such as a tool name, a tool maker 
name, a holder model number, a tip modsl number and 
a nominal diameter. The tool database further Includes 
tool attaching Information such as an H-code, a D-code. 
an tooth length and a tool length, and tool seivlce life 
Infomiation such as a wear amount, a service life, a lite 
expectancy and a sen/lce life status. When an accuracy 
test Is required during the machining operation, a ma- 
chining task accuracy intormation tile is generated. The 
data described above is temporarily registered in the 
task determination database, and fomnally registered to- 
gether with the machine ID and the machining task ac- 
tual accuracy file when the machining operation Is ac- 
tually perfomned. Upon compietlcn of the actual machin- 
ing operation, a machining period for each of the ma- 
chining tasks is registered In the form of a machining 
task file. 

(b) The central manager comprehensively manages 
actual operation perfonnance records via the network 
In the following manner. 

[00481 A method and apparatus for determining the 
operation balance of each machine are disclosed in 
WOOO/11582 (PCT/JP98/03747). in the method and ap- 
paratus, the states of machining operations actually per- 
fonned by NC machine tools and the like are monitored 
and analyzed so as to detemnlne the operation balance 
of each of the machines during a given period. That is, 
the operation state of the machine is detected as an in - 
come/expandtture-related operation of the machine by 
monitoring and analyzing the state of the execution of 
an NC program, and the operation balance Is calculated 
on the basis of the income/expenditure-reiated opera* 
tton of the machine, As a result, the profit ratio of the 
machine during the given period is determined, allowing 
for effective use of the machine. 
[0049] In accordance with the present Invention, the 
central manager manages the Infonnatlon on the man- 
agement of the Income/expenditure balance via the net- 
work. 

[0050] Labor costs may be estimated or an advice for 
Improvement of a Jig may be provided on the basis of 
infonnatlon on an operation period, an actual machining 
performance record, an actual tool use record, an actual 
set-up record and the like. Infomnatlon on a period that 
the door Is opened may be obtained for determination 
of a set-up period, infomnatlon on a cycle start period 
may be obtained for detemnlnation of an automatic op* 
eration period. 

[0051] Besides, infonnatlon on a spindle rotation pe- 



riod, a feed distance, the number of times of ATC, a cut- 
tingfluid, three-dimensional probe data, a lubricating oil, 
a power supply period, a machining history for each 
product (the result of an acceptability test) may be In- 

5 putted In the following manner. 

[0052] Information on a power on/off operation, an NC 
mode, an NC state, program selection, an alarm, a set- 
up operation and a door opening and closing operation 
for each of the machine tools Is neglstered In the ma- 

to chine operation history database (Figs. 12(a) to 12(g)) 
via the machining history extracting means 1 09 and the 
database generating means 117. Data on the feed dis- 
tance and the cutting fluid is registered In the tool use 
history database (Fig. 13) whenever a tool Is used. The 

'5 Jig use history Is shown In Fig. 14. The date and time at 
which an operator reports the start of a set-up operation 
or the end of the set-up operation by means of the set- 
up/operation Instruction displaying and responding 
means 1 06 Is registered as a jig attachment date and 

20 time or as a Jig detachment date and time in the Jig use 
history. 

(c) The central manager comprehensively manages the 
tool infomiation via the network in the following manner. 

[0053] Tool information stored In a machine toot can 
i^e employed for the tool management, the cutting con- 
dition management and the actual cutting performance 
management of the machine tool, in addition, tool Infor- 

30 matton such as tool use conditions (cutting conditions) 
and a tool use period (tool use amount) obtained when 
a tool is actually used by a customer can bo provided 
as actual perfonnance Infomnatlon to a tool maker. A tool 
infomiation data accumulation method and a tool man- 

55 agement system, which are very useful for customer 
management by the tool maker, are disclosed in 

WOOO/12259 (PCT/JP98/03a34). 

[0054] For preparation of tool Information database 

for NC machining, a tool management system utilizing 

40 the tool Infonnatlon database according to the prior art 
accumulates actual cutting data aseoclated with infor- 
mation on a used tool, NC command information, tool 
con-action information and spindle load information ob- 
tained during an actual machining operation, and feeds 

'fs back the actuai cutting data as tool Information based 
on an actual cutting perfonnance to a tool manager or 
a tool maker 

[0055] In the prior-art apparatus, at least NC program 
execution block information and tool information cur- 

50 rentiy in use are extracted from an NC program execut- 
ing section and a tool database of a machine, respec- 
tively, and accumulated in association with the actual 
cutting data obtained during the actual machining oper- 
ation for the preparation of the tool information data- 

55 base. Further, the tool Infonnatlon can be transferred to 
the toot manager or the tool maker via the network or 
with the uae of a recording medium. As a result, the tool 
infomnatlon based on the actual cutting performance 
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can automatically be accumulated In thetool Information 
database with out the intervention of the operator during 
the actual machining operation. Further, the tool Infor- 
mation database can be supplied to the tool maker, and 
more precise technical Infomiatlon obtained under spe- 
cific machining conditions by a customized or specific 
machining method can be fed back from thetool maker. 
[0056] In accordance with the present Invention, the 
central manager manages the tool InfomriatlDn via the 
network. 

[0057] An optimum tool, the statistic use frequency of 
thetool. the machining service life of the tool or the like 
for each type of machining operation can be determined 
on the basis of the Information In the accuracy Informa- 
tion file and the actual accuracy file associated with the 
workplece database (Fig. 4), the machining task Infor- 
mation In the task detennlnatlon database (Fig. 5) and 
the information In the tool path file (Fig. 6) associated 
with the machining tasks. Further, the Information es- 
sential for selecting a tool to be actually used In a ma- 
chine tool, for designing a new tool by a tool maker and 
for selecting a company to be supplied with a tool can 
be obtained. 

(d) The central manager comprehensively manages 
accuracy Information for each machining operation via 
the networl<. 

[0058] Conventionally, Infomnatlon on accuracy re- 
quirements and actual accuracy records has rarely been 
open to the public. 

[0059] In accordance with the present invention, the 
central manager manages the accuracy information via 
the network, 

[0060] As described above, an accuracy requirement 
for a workplece, and a nnachine. a tool and cutting con- 
ditions employed for a machining openation to satisfy the 
accuracy requirement are stored together with an actual 
accuracy record lor management thereof. Thus, the ma- 
chine, the tool and the cutting conditions necessary for 
the machining operation to satisfy the accuracy require- 
ment can easily be obtained. 

(2) Data processing and output 

[0061] An explanation wilt be given to the data 
processing and output comprehensively managed by 
the central manager via the network, 
(a) in the aforesaid system, machining know-how com- 
prehensively managed by the central manager Is pro- 
vided to a user of an NC machine tool connected to the 
central managerviathe network In thefollowing manner 
[0062] In the central manager, the machining know- 
how Includes the workplece database (Rg. 4), the task 
determination database (Fig. S), the cutting condition 
database (Fig. 7] and the tool database (Fig. 8), the jig 
databeise (Fig. 9), and various files associated with 
these databases, for example, the final product shape 



file, the blank stock shapefileandthe workplece product 
model accuracy information file associated with the 
workplece database. 

[0063] An explanation will be given to how to supply 
5. the machining know-how comprehensively managed by 
the central manager to a user who desires to refer to or 
obtain the machining know-how, for example, to an op- 
erator of a machine tool or a CAM vender connected to 
the network. 

fo [0064] Wherethe user oftheNC machine tool desires 
to refer to or obtain machining know-how In the central 
manager for machining a machining part specified in a 
machining diagram, for example, a request for referring 
to the machining know-how for the desired machining 

t5 pert is applied to the data processing and outputting 
means 20 of the central manager 1 via the information 
manager 1 02 and the network l/F 1 01 . 
[0065] The data processing and outputting means 20 
searches databases such as the workplece database 3 

20 and the task detenninatlon database and files associat- 
ed with these databases to extract a machining task se- 
quence for the machining part, and cutting conditions, 
a tool, a tool path and a machining task accuracy for 
each machining task, and outputs the results of the 

25 search as output data to the machine tool which re- 
quests the information. The output data may include not 
only the search results but also sort data. That Is. the 
search results each Including infomriatlon on the cutting 
conditions and the tool path for the machining part can 

30 be outputted after being sorted In Increasing order of 
machining period, because a machining period for each 
machining task Is registered in the form of a machining 
task period file in the task detenninatlon database of Fig. 
5. 

55 [0066] With reference to a flow chart of Fig. 15, an 
explanation will hereinafter be given to a case where the 
name of a machining part is specified for database 
search, and the results of the search each Including in- 
fomnatlon on a machining path and cutting conditions for 

^0 the machining part are outputted after being sorted in 
Increasing order of machining period. A database output 
memory used in the following explanation is a memory 
provided in the data processing and outputting means 
20 shown In Fig. 1. 

''^ [0067] In SI, the specified machining part name Is 
stored in the database output memory, in S2, a read-In 
pointer for the workplece database shown In Fig. 4 is 
set in the first place of the database. 
[0068] In S3, the workplece database shown in Fig. 4 

50 is searched for the specified machining part name on 
the basis of the read-in pointer for checking if the ma- 
chining part name Is present therein. If the machining 
part name is not present, the database search for the 
specified machining part Is completed, and the process 

S5 goes to SI 4. If the machining part name is present, the 
process goes to S4 to further retrieve information on the 
specified machining part. 

[0069] In 84, a machining part ID corresponding to the 
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retrieved machining pari Is detected, and stored In the 
database output memory. In S5, a read-In polnterforthe 
task determination database shown In Fig. 5 Is set In the 
first place of the database. In S6. a total machining pe- 
riod lor the machining part In the database output mem- 
ory Is Initialized (or reset to "0"). 
[0070] In S7, the task determination database shown 
in Fig. 5 Is searched for the machining part ID on the 
basis of the read-in pointer for the task determination 
database for checking if the machining part ID Is present 
therein. If the machining part iO Is not present, the da- 
tabase search for ail machining tasks for the machining 
part is completed, and the process goes to 513. if the 
machining part ID is present, the process goes to S8 to 
furttier retrieve information on the machining tasks. 
[0071] in SB, a machining task period tile for tha re- 
trieved machining part ID is detected, and etored in the 
database output memory. In S9, a machining period for 
the machlnln g task is read out of the detected machining 
task period file, and stored In the database output mem- 
ory. In S10, the machining period thus read out Is added 
to the total machining period for the machining part In 
the database output memory. The results of the search 
wiii be sorted later on the basis of the total machining 
period thus calculated. In 511 . atool path file is detected 
on the basis of the machining part ID. and stored in the 
database output memory. 

[0072] In S12, the read-In pointer for the task deter- 
mination database is set ahead by one place, and the 
process goes to S7 for retrieving the next machining 
task from the database. 

[0073] In SI 3. the read-In pointer for the workplece 
database is set ahead by one place, and the process 
goes to S3 for retrieving the next machining part. 
[Q074] When all infonnatlon is retrieved on the basis 
of the specified machining part name, sequence num- 
bers are provided to the machining part IDs in the data- 
base output memory In increasing order of the total ma- 
chining periods for the machining part stored in the da- 
tabase output memory in S1 4. In S1 5, tool path flies and 
cutting conditions (a cutting speed, a feed per tooth, a 
feed per revolution, a cutting width and a cutting height) 
stored in the respective tool path files are outputted on 
the basis of the sequence numbers. 
[00751 The output data may be employed simply for 
reference. In addition, the output data may be taken Into 
a database of a machine tool which requests the data 
via the netv\/ork. Similarly, the CAM vender can refer to 
or obtain tha machining know-how In the centnil man- 
ager via the search network l/F 1 01 and the Information 
manager 1 02. That Is, the CAM vender specifies desired 
machining know-how and activates the data processing 
and outputtlng means 20 to obtain or refer to the spec- 
ified machining know-how from the databases such as 
the task detennlnation database managed by the cen- 
tral manager 

(b) An actual operation perfomiance record comprehen- 
sively managed by the central manager Is provided to a 



user of an NC machine tool connected to the central 
manager via the network In the following manner. 
[0076] The central manager retains machining know- 
how typified by the wo rkplece database (Fig. 4) and the 

5 task detenni nation database (Fig. 5) described above, 
and actual operation perfomiance infonnatlon such as 
the machining history database (Fig. 11), the machine 
operation history database (Fig. 12), the tool use history 
database (Fig. 13) and the jig use history database. 

10 [0077] An explanation wiii be given to a case where a 
user, e.g., an NC machine tool maker connected to the 
network, desires to refer to the actual operation perfomn- 
ance information comprehensively managed by the 
central manager. 

15 [0078] Where the NC machine tool maker desires to 
check the operation state of a machine supplied to a us- 
er from the maker, for example, the maker sends a re- 
quest for infonnation on the operation state of the ma- 
chine during a specif te period to the data processing and 

20 outputtlng means 20 and Specifies the ID of the machine 
and the period via the information manager 1 02 and the 
network l/F 101. 

[0079] The data processing and outputtlng means 20 
collects the operation history of the machine from the 

^5 machine operation history database on the basis of the 
specified machine ID. and outputs the operation history. 
This process will hereinafter be described with refer- 
ence to a flow chert of Fig. 16 by way of example. A 
database output memory used In the following explana- 

so tlon Is the memory provided in the data processing and 
outputting means 20 in Fig. 1 . 
[0080] in S21, the specified machine ID and period 
are stored in the database output memory. In S22, the 
machine operation history database shown in Fig. 12 is 

35 searched for the specified machine ID. 

[0081] In S23, It Is Judged whether the date and time 
of a power-on operation and tha date and time of a pow- 
er-off operation stored in the machine operation history 
database of Fig. 12(a) fall within the specified period. If 

^ YES, a total power-on period within the specified period 
Is calcufated on the basis of a difference between the 
date and time of the power-on operation and the date 
and time of the power-off operation, and stored In the 
database output memory. 

45 [0082] In S24, total operation periods In automatic, 
MDI and manual NC modes are calculated on the basis 
of tha date and time of NC mode switching between the 
automatic, MDI and manual NC modes stored In the ma- 
chine operation histo^ database of Fig. 12(b), and 

so stored in the database output memory. 

[0OB3] in S25, a period from a set-up completion to 
start at cycle and a pause period after the cycle start in 
the automatic NC operation mode are calculated on the 
basis of the machine operation history database of Fig. 

95 1 2 (c), an d stored in the database output memory. 
[0084] In 526. What machining program was selected 
and when the machining program was selected are de- 
tected on the basis of the machina operation database 
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of Fjg, 12(cl). Then, a workplece ID Is retrieved from the 
workplace database of Fig. 4 on the basis of the ma- 
chining program, and the machining history database is 
searched on the basis of the retrieved workplece ID, 
whereby what workplece was machined and when the 
workplece was machined are detected. Amachlning pe- 
riod is calculated from a difference between a machining 
start time and a machining end time. Further, the 
number of machined workpleces Is determined by 
counting the number of workplece IDs in the machining 
history database. The data thus obtained Is stored In the 
database output memory. 

[0085] In S27, what alarm was issued and when the 
alarm was Issued are detected on the basis of the ma- 
chine operation database of Fig. 12(e), and an alamn 
inten'uptton period Is detennlned on the basis of a dif- 
ference between an alarm start time and an alarm ter- 
mination time. Further, alami Interruption periods deter- 
mined in this manner are summed for detennlnation of 
a total alamn Interruption period within the specified pe- 
riod. The data thus obtained Is stored In the database 
output memory. 

[0086] In S28, a set-up period is calculated from a set- 
up start tinne and a set-up end time on the basis of the 
machine operation database of Fig. 12(f). Further, set- 
up periods determined In this manner are summed for 
determination of a total set-up period within thespecified 
period. The data thus obtained is stored In the data out- 
put memory. A period that the door Is opened and a pe- 
riod thatthe door Is closed are calculated In substantially 
the same manner, and stored in the database output 
memon/. Further, what machining operation was per- 
formed and how much time was required for the set-up 
for the machining operation are detemntned on the basis 
of the set-up start time, the set-up end time, and a pro- 
gram number and a program selection time stored In the 
machine operation history database of Fig. 12(d}, and 
stored In the database output memory. 
[0087] In S29. a maintenance period within the spec- 
ified pertod Is calculated on the basis of a maintenance 
start time and a maintenance end time in the machine 
operation history database of Fig. 12(g), and stored In 
the database output memory. 
[00B8] in S30. the machine operation state thus de- 
termined through the search and the cateulatlon and 
stored In the database output memory Is outputted. 
[0089] In this manner, the NC machine tool maker can 
obtain the operation state of the machine too! supplied 
by the maker. More specifically, the NC machine tool 
maker can obtain Infonnation on how many hours the 
machine was in operation, how many hours the machine 
was out of operation, what workplece was machined, 
how much time was required for the set-up operation, 
what alamn was Issued, and how often the maintenance 
operation was perfomned. Though not explained, a Jig 
and holder makerconnected to the network can also ob- 
tain Information on what jig was employed by the NC 
machine tool user tor a machining operation with refer- 



ence to the Jig use history database, 
(c) Tool information comprehensively managed by the 
central manager Is provided to a user of an NC machine 
tool connected to the central manager via the network 

5 in the following manner. 

[0090] The central manager comprehensively man- 
ages the tool use history database shown in Fig . 1 3. The 
database Includes a machine ID for identifying a used 
machine tool, a workplace ID for Identifying a machined 

10 workplece, workplace material data, employed machin- 
ing conditions such as a cutting speed, a cutting dis- 
tance, a cutting width, a cutting depth, an axial feed and 
a radial feed, a machining start time and a machining 
end time for calculation of a machining period, and data 

19 Indicative of whether or not a cutting fluid was used. 
[0091] Sasad on the data described above, a refer- 
ence can be made to cutting conditions under which a 
particular tool was used by an NC machine tool user and 
to the actual service life of the tool, 

20 [0092] Where a tool maker desires to obtain the use 
state of a tool supplied from the maker, for example, the 
tool maker sends a request tor reten-lng to the use state 
of the tool to the data processing and outputting means 
20 of the central manager 1 by specifying the name of 

2S the tool maker and the name of the tool via the Informa- 
tion manager 1 02 and the network t/F 1 01 , 
[0093] The data processing and outputting means 20 
outputs the use conditions of the tool and the actual 
sen/Ice life of the tool on the basis of databases such as 

30 the tool database 6, the tool use history database 11 
and the workplace database 3. and files associated with 
these databases. 

[0094] With reference to a flow chart of Fig. 1 7, an 
explanation will herelnafterbe given to a case where the 

35 tool maker name and the tool name are specified for da- 
tabase search, and the use conditions of the tool and 
the actual service life of the tool are outputted. A data- 
base output memory used in the following explanation 
Is the memory provided In the data processing and out- 

40 putting means 20 In Fig. 2. 

[0095] In S41 , the specified tool maker name and tool 
name are stored In the database output memory. In S42, 
a read-in pointer for the tool database Is set in the first 
place of the database. In S43, the tool database shown 
in Fig, 8 Is searched for the specified tool name of the 
specified tool maker on the basis of the read-In pointer 
for checking If the tool name Is present therein, if the 
tool name is not present, the process goes to S52. If the 
tool name is present, the process goes to S44 to retrieve 

50 information on the tool. 

[0096] In 544, a tool ID for the retrieved tool Is detect- 
ed, and stored In the database output storage memory. 
In 545, a read-In pointer for the tool use history database 
shown In Rg. 13 is set In the first place. In S46, a total 

55 use period for each tool ID in the database output mem- 
ory Is initialized (or reset to "0"). 
[0097] In 847. the tool use history database shown in 
Fig. 13 Is searched for the tool ID on the basis of the 
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read-In pointer for checking If the tool ID is present 
therein. If the tool ID Is not present, search for all ma* 
chining tasks related to the tool ID Is completed, and the 
process goes to S51 . If Ihe tool ID Is present, the proc- 
ess goes to S48 to retrieve Infonnatlon on the tool. 
[0098] m S48, cutting conditions (a material, a cutting 
speed, a cutting distance, a cutting width, a cutting 
depth, an axial feed and a radial feed) for the retrieved 
tool ID are detected, and stored In the database output 
memory. Further, a machining period Is calculated from 
a dtfterence between a machining start time and a ma- 
chining end time, and added to the total use period for 
the tool ID in the database output memory. In S49, a 
wear and a service life status are read out of the tool 
database searched In S43, and stored In the database 
output memory. 

[00991 In S50, the read-In pointer for the tool use his- 
tory database Is set ahead by one place, and the proc- 
ess goes to S47. In S51 , the read-In pointer is set ahead 
by one place, and the process goes to S43. 
[0100] In S52, the Information on the tool use history 
stored In the database output memory Is outputted. 
[01011 I" this manner, the cutting conditions and total 
use period of the specified tool and relationships be- 
tween the cutting conditions and total machining period 
of the tool and the wear amount and service life status 
of the tool are collected, and the collected data Is used 
for reference. Of course, the collected data may be talc- 
en Into a database provided on the side of the user which 
requests the data. 

(d) Accuracy Information comprehensively managed by 
the central manager is provided to a user of an NC ma- 
chine tool connected to the central manager via the net- 
work In the following manner. 
[0102] In the central manager, the name of a machin- 
ing product mode! accuracy Information file In which an 
accuracy requirement for a machining product model is 
specified, the name of a machining product model actual 
accuracy file prepared on th e basis of the result of meas- 
urement camed out after machining, the name of a ma- 
chining part group accuracy information file In which an 
accuracy requirement for a machining part group Is 
specified, the name of a machining part group actual ac- 
curacy file prepared on the basis of the result of meas- 
urement carried out after machining, the name of a ma- 
chining part accuracy Information file In which an accu- 
racy requirement for a machining part Is specified, and 
the name ot a machining part actual accuracy file are 
stored In the workpieco database shown in Fig. 4. Fur- 
ther, a machine ID for identifying a machine used for the 
machining to satisfy the accuracy requirements and a 
machining part ID for Identifying a tool and cutting con- 
ditions are stored In the database. 
[0103] WheretheNC machlnetool user desires to re- 
fer to or obtain infonnation on a Jig, a tool and cutting 
conditions to be employed for machining a machining 
part specified In a machining diagram with a required 
accuracy, for example, the NC machine tool user sends 



a request for referring to machining know-how for a de- 
sired machining part to the data processing and output- 
ting means 20 of the central manager 1 via the infonrna- 
tlon manager 102 and the networi< l/F 101. 

5 [0104] The data processing and outputtlng means 20 
searches databases such as the workplace database 3 
and the task detemnination database and files associat- 
ed with the databases to extract cutting conditions, a 
tool and a tool path for the machining part, and outputs 

10 the results of the search as output data to the machine 
tool which requests the data. The output data is em- 
ployed for reference. The results of the search each In- 
cluding infonnation on the tool, the cutting conditions 
and the tool path may be outputted after being sorted In 
Increasing order of machining accuracy, because the 
actual accuracy file Is registered In the workplece data- 
base of Fig. 4. 

[0105] With reference to a flow chart of Fig. 18, an 
explanation will herein after be given to a case where the 
^ name of a machining part Is specified for database 
search, and the results of the search each Including In- 
formation on a tool, a tool path and cutting conditions 
for the machining part are outputted after being sorted 
in Increasing order of machining accuracy. A database 
output memory used in the following explanation Is the 
memory provided in the data processing and outputtlng 
means 20 In Fig. 2. 

[0106] In S61, the specified machining part name Is 
stored in the database output memory. In S62, a read- 

30 in pointer for the workplece database shown In Fig. 4 Is 
set in the first place. In S63, the workplece database 
shown In Rg. 4 is searched for the specified machining 
part name on the basis of the read-In pointer for check- 
ing If the machining part name Is present therein. If the 

55 machining part name Is not present, the database 
search tor the specified machining part Is completed, 
and the process goes to S73. if the machining part nanris 
is present, the process goes to S64 to further retrieve 
infonnatlon on the epecltled machining part. 

"fO: [0107] In S64, a machining part ID for the retrieved 
machining part is detected, and stored In the database 
output memory, in S66, a machining part actual accura- 
cy file Is detected, and an actual accuracy record Is 
stored in the database output memory. In S66, the read- 

-fs in pointer for the task determination database shown In 
Fig. 5 Is set In the first place. 

[0108] In S67, the task detennlnatlon database 
shown In Fig. 5 is searched for the machining part ID on 
the basis of the read-in pointer for checking if the ma- 

50 chining part ID Is present therein. If the machining part 
ID Is not present, the database search for all machining 
tasks for the machining part is completed, and the proc- 
ess goes to S72. if the machining part ID Is present, the 
process goes to S6B to further retrieve information on 

55 the machining tasks. 

[0109] in S68. a tool ID for the retrieved machining 
part ID Is detected, and stored In the database output 
memory. In S69, Infonnatlon on the tool Is stored In the 
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database output memory on the basis of the stored tool 
ID and the tool database of Fig. 8. In S70, a tool path 
file tor the retrieved machining part ID Is detected, and 
stored In the database output memory. 
[01101 In S71, the read-In pointer for the task deter- 
mination database Is set ahead by one place, and the 
process goes to S67 to retrieve the nextmachining task, 
[0111] In S72, the read-In pointer for the workplece 
database is set ahead by one place, and the process 
goes to S6d to retrieve the next machining part. 
[0112] After al) Infomnatlon le retHeved on the basis of 
the specified machining part name, sequence numbers 
are provided to the machining part IDs in the database 
output memory In increasing order of actual accuracies 
stored In the database output memory. In S74, the tool 
Information and the tool path flies stored In the database 
output memory and cutting conditions (a cutting speed, 
a feed per tooth, a feed per revolution, a cutting width 
and a cutting height) stored in the tool path files are out- 
putted on the basis of the sequence numbers. 

INDUSTRIAL APPLICABILITY 

[0113] As described above, the inventive NC machin- 
ing assisting system Is widely utilized in various indus- 
trial fields which employ NC machine tools. 



Claims 

1. An NC machining assisting system characterized 
in that: a plurality of NC machine tools each Includ- 
ing NC program generating means and NC program 
improving and updating means are connected to a 
centra! manager via a network; actual machining 
performance Information Is supplied to the central 
manager from the respective NC machine tools; the 
central manager generates a database on the basis 
ot the collected actual machining performance In- 
formation and stores the database therein; and the 
NC machine tools are each permitted to retrieve In- 
formation necessary for machining from the data- 
base. 

2. An NC machining assisting system characterized 
In that: a plurality of NC machinetools each Includ- 
ing NC program generating means and NC program 
improving and updating means are connected to a 
central manager via a network; actual machining 
performance Information is supplied to the central 
manager from the respective NC machine tools; the 
central manager generates a database on the basis 
ol the actual machining performance information 
collected via the network and stores the database 
therein; and an apparatus other than the NC ma- 
chinetools which has a network connecting function 
is pemiltted to retrieve information necessary for 
machining from the database through connection to 



the central manager via the network. 

3. An NC machining assisting system as set forth In 
claim 1 or2, further characterized In that the actual 

5 machining perfomiance Information Includes at 
least one of workplece infonnation, tool information, 
cutting condition information. Jig Infonnation, ma- 
chine specification Infonnation, machining history 
information, machine operation history information, 

10 tool use history information and Jig use history in- 
formation. 
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FIG. 1 2 (a) 
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FIG. 1 2 (b) 
MACHINE OPERATION HISTORY DATABASE (2/7) 
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FIG. 1 2 (c) 
MACHINE OPERATION HISTORY DATABASE (3/7) 
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FIG. 1 2 (d) 
MACHINE OPERATION HISTORY DATABASE (4/7) 
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FIG. 1 2 (e) 
MACHINE OPERATION HISTORY DATASASE (5/7) 
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FIG. 12 (f ) 
MACHINE OPERATION HISTORY DATABASE (6/7) 
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FIG. 1 2 (g) 
MACHINE OPERATION HISTORY DATABASE (7/7) 
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FIG. 15 
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Calculate set-up period and total set-up period 
within apeoiflfld period, and atore data thus obtained 
in databaee output memory. 
Calculate period door (s opened and period door is closed, 
and calculate total period door is opened and 
total period door is closed, and store date 
thus obtained In database output menwry. 
Calculate set-up operation period for each machining, 
and store set-up operation period 

In database output memory^ 



-S28 



Caioutate Rialntenanoe period within specified period. 
and store maintenance period in database output memory^ 

1 



Output machine operation state stored 
in database output memory. ^ 



'S29 
-S30 



C End ) 
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FIG. 17 



C start ) 



Store apsoif ied tool imker name and tool nana 
in database output aiBWory, . 



Set read-in pointer In first place of 
tool databaea of Fig. B. 




-S41 
-S42 



Hot present 



Oetaot tool ID for retrieved tool, and atore 
tool ID In datttbeee output atorase fflemory. 



Set read-In polntar in flr«t place of 
tool uae hiatory databeae of Fig. 13. 



Initialize (or reset to "0") total uae period 
for each tool ID fn databaee output tnanory. 



-S44 
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Output infornatlon on 
tool uae hifltory etored 
In databaae output tneisory. 




Deteot QUtting oondltlons (material, 
ci/tttng 4psed, outtin? distance, cutting width, 

outtlne depth, axial feed and radial fead) 
for retr raved tool ID. and atora cutting condltlona 

in database output menory. 
Calcuiate maoiijnlns par lod from differenco between 
naohinlng start time and machining and tiine, 
end add nac^fnlng period to total Uae period 
for tool ID In database output memory. 



-848 



Read wear and aervlca life status fron 
tool datsbaae. and atoro wear and aarviea life 
in databaae output isemory. 



Set ahead r a ad" In pointer for 
tool uae history databaae by ona place. 



-849 



Set ahead read- In pointer for 
toot databaae by one place. 
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FIG. 18 



C start ) 



Stora speoifidd ireohlnlng part name 
In database output inetnory. 



"S61 



Set read-in pointer in first place of 
urorkplece database of Fly. 4. 




Wot present 



Present 



Detect (iiBchlnIng part ID oorrespandin^ to 
retrieved machining part» and store machining 
part ID in database output nenory. 



-S64 



Detect machining part actual aocuracy file, 
and store aotual accuracy record 
in database output menory. 




Store information on tool 
in database output neniory on the baa I a of 
tool ID and toot database of Fig. 8. 



Deteot tool path ftie for retrieved 
machining part ID, and atore tool path file 
in database output rnetnory. 



JSet ahead read-In pointer for 
task detertnlnatlon databaae by one plaoe. 



J 
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-S70 
-S71 



_r 



S»t ahead reed-in polntsr for 
warKoi4oa databate by ona olaoe. 

I 



Provide sequence numbers 

to maohining part IDs 
In database output memory 
In Inoreseing order of 
actual aoouraolBe etored 
In the databaae output memory 



Output tool Information end 
tool path files stored in 

database output diemory and 

cutting conditions tcutting 
ipeed, feed per tooth, 
feed per revolution, 
cutting width end cutting 

height) etored In tool path 
flies on the basis of 
tha aequenoe numbere. 
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C End 3 
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